Regulatory mechanism for the stimulatory action of genistein on glucose uptake in vitro and in vivo.
Genistein, an isoflavone, is known to possess diverse biological functions such as antioxidative and anti-inflammatory actions. It also acts like estrogen and inhibits several tyrosine kinases. Genistein was reported to suppress insulin-mediated glucose uptake in adipocytes. In this study, we investigated the effects of genistein on glucose uptake in vitro and in vivo as well as the mechanisms associated with the glucose uptake. We found that genistein decreased nonfasting blood glucose levels in KK-Ay/Ta Jcl mice, a type 2 diabetic animal model. It also dose-dependently induced insulin secretion by Rin-5F cells. In L6 myotubes, it directly stimulated glucose uptake independently of insulin under normal and high glucose conditions in dose-dependent manners. It promoted the translocation of glucose transporter 4 to the cell membrane under both glucose conditions. Based on studies using inhibitors of signaling molecules related to glucose uptake, the stimulatory effect of genistein on glucose uptake appeared to be dependent on the phosphatidylinositol 3-kinase, mammalian target of rapamycin, protein kinase C and 5'-adenosine-monophosphate-activated protein kinase pathway under both glucose conditions. In addition, O-GlcNAcylation by O-(2-acetamido-2-deoxy-D-glucopyranosylidene) amino N-phenyl carbamate, an inhibitor of N-acetylglucosaminidase, reduced the stimulatory effect of genistein on glucose uptake under both glucose conditions. Taken together, genistein may regulate glucose uptake by increasing the phosphorylation and decreasing the O-GlcNAcylation of proteins related to glucose homeostasis.